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Abstract 

Background: The Amazon as a whole is the largest reservoir of arboviruses worldwide, while the Brazilian Amazon 
hosts the largest variety of arboviruses isolated to date. In this study, the results of an indirect sandwich IgG ELISA, 
standardized for 19 arbovirustypes circulating among horses in Brazilian Amazon, were compared to results of the 
hemagglutination inhibition test. A screening test assessed the conditional probability distribution and a Pearson 
linear correlation test determined the correlation strength among the absorbance values recorded for viruses from 
the same family. 

Findings: Sensitivity varied between 40.85 and 100%; the specificity was low and ranged from 39.71 to 67.0%; and 
the accuracy varied between 41 and 65.2%. The test developed in this study yielded a large number of serological 
cross-reactions. 

Conclusions: The test can be employed to detect IgG antibodies within one arbovirus family; however, the 
hemagglutination test or other more specific techniques, such as the serum neutralization test in mice or the 
plaque-reduction neutralization test, are essential complementary methods for positive cases. 
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Findings 

The expression 'arthropod-borne virus' was introduced in 
1942 to describe a group of viruses that were propagated 
by arthropods and biologically transmitted to vertebrate 
hosts. Two decades later, the International Committee on 
the Nomenclature of Viruses officially recommended the 
term 'arbovirus' to denominate the viruses maintained 
through cycles involving hematophagous arthropod vec- 
tors and vertebrate hosts [1]. 

Considered as a whole, the Amazon region is the largest 
reservoir of arboviruses worldwide. To date, 196 out of at 
least 200 arbovirus types found throughout Brazil were 
identified in the Brazilian Amazon, where the largest 
variety have been isolated, while many of the viral strains 
have not been found in any other location [2-4]. 
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For more than two decades, the serological study of ar- 
boviruses has been restricted to such classical techniques 
as hemagglutination inhibition (HI), complement fixation 
(CF) and serum neutralization in mice (SN). Among these, 
the HI test in microplates is recommended as a routine 
serological test [2]. 

The enzyme-linked immunosorbent assay (ELISA) 
method is widely used for the serological diagnosis of ar- 
boviruses because it is not only very sensitive but also easy 
to perform and standardize; thus, it is able to strengthen 
the power of some of the classical techniques. The sensi- 
tivity and practicality of the ELISA systems are also evi- 
dent in tests for detecting immunoglobulin G (IgG), 
which allow many serum samples to be assayed in a single 
day because the sample amounts can be small and do not 
require any pretreatment. These facts provided the basis 
of this study, in which an indirect sandwich IgG ELISA 
method was standardized to diagnose infections by 19 ar- 
boviruses types circulating among horses in the Brazilian 
Amazon. 
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Blood was collected from the animals throughout 2009 
in the state of Para, Brazil (Figure 1). The animals sub- 
jected to bleeding were aged two years old or older, had 
been born and raised at the sample collection site and 
had not been vaccinated against arboviruses. 

The ELISA technique was standardized for each of the 
arbovirus types by adapting the protocols described for 
the dengue virus (DENV) [5]. The test was performed 
with antigens of 19 different arbovirus types isolated in 
Brazil (Table 1) from the collection of the Arbovirology 
and Hemorrhagic Fevers Section of the Evandro Chagas 
Institute, Ananindeua, Para, Brazil. The positive-control 
serum samples exhibited titers > 20 in the HI test, and 
preferentially presented monotypic reactions [6,7]. The 
negative-control samples exhibited negative results in the 
HI test (with titers < 20 for all of the 19 viruses under 
study). The conjugate used was the peroxidase-conjugated 
affinity pure rabbit anti-equine IgG (Jackson Immunore- 
search Laboratories, USA). 

After the standardization of the technique, a total of 
232 serum samples of the horses for each of the 19 in- 
vestigated arbovirus types were used. The results of the 
indirect sandwich ELISA for the IgG detection were 



compared to the HI test through a conditional probabil- 
ity distribution, using a screening test to establish the 
sensitivity, specificity and accuracy of each of the tests. 
A Pearson linear correlation test was used to verify the 
correlation strength among the absorbance values ob- 
tained using the enzyme immunoassay, that is, the possi- 
bility of cross-reactions among the antibodies to viruses 
belonging to the same family; the accepted correlation 
values (r) varied from -1 <r< 1, as calculated using the 
software BioEstat 5.0 [8]. 

The optimal serum dilution, which varied according 
to the virus family employed, was 1:100 for the family 
Togaviridae and 1:200 for the families Bunyaviridae and 
Flaviviridae. The conjugated antibodies were used at a 
dilution of 1:10,000. 

The sensitivity varied between 40.85 (ILHV) and 100% 
(ICOV and BLMV); the specificity was low and ranged 
from 39.71 (ROCV) to 67.0% (MAYV); and the accuracy 
varied between 41 (ILHV) and 65.2% (MAYV). 

The Pearson correlation coefficient(r) varied for the 
Flaviviridae family from 0.78 between CPCV and VSLE 
to 0.95 between CPCV and BSQV; for the Togaviridae 
family, r varied from 0.89 between EEEV and MUCV to 
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Table 1 Arbovirus antigens comprising 19 arbovirus 
types isolated in Brazil and belonging to the collection of 
the arbovirology and hemorrhagic fevers section of the 
Evandro Chagas Institute, Brazil 



Family 


Genus 


Viral antigens 


Togaviridae 


Alphavirus 


Eastern equine encephalitis virus (EEEV) 






Western equine encephalitis virus (WEEV) 






W/iw/irn i tin ic fKAA\/\/\ 

/viayaru virus ijviAivj 






Mucambo virus (MUCV) 


Flaviviridae 


Fiavivirus 


Yeilow fever virus (YFV) 






lineUS VirUS (JLnVJ 






Saint Louis encephalitis virus (SLEV) 






Cacipacore virus (CPCV) 






Bussuquara virus (BSQV) 






Rnrin viriic (ViC)C\/\ 

nULIU VI! Ui l^nLJL- V j 


Bunyaviridae 


Orthobunyavirus 


Guaroa virus (GROV) 






Maguari virus (MAGV) 






Tacaiuma virus (TCMV) 






Utinga virus (UTIV) 






Belem virus (BLMV) 






Caraparu virus (CARV) 






Oropouche virus (OROV) 






Catu virus (CATUV) 




Phiebovirus 


Icoaraci virus (ICOV) 



0.96 between EEEV and WEEV. In the Bunyaviridae 
family, r varied from 0.71 between GROV and UTIV to 
0.96 between MAGV and TCMV. 

An investigation of anti-arbovirus IgG antibodies has 
already been performed using ELISA in humans and do- 
mestic animals [9-11]. In this study, the serum dilution 
varied as a function of the arbovirus family and proved 
to be crucial for standardizing the indirect sandwich IgG 
ELISA method. An additional crucial factor for stand- 
ardizing this technique was the dilution of the antibody- 
enzyme conjugate and the antigen. 

When defining an ELISA test cutoff, the most important 
feature is to select serum samples from animals that are 
actually infected and from those that have never come 
into contact with the investigated virus [12]. Although the 
present study took this requirement into account, the de- 
gree of cross-reactivity among the investigated arbovirus 
species was high. To increase the test sensitivity, antigen 
purification and/or the use of highly specific antibodies 
may be needed; however, the production of stock and 
purified viral antigens for ELISA using classical methods 
is expensive and time-consuming, especially when a viral 
agent does not reach high multiplication titers in cell 
cultures [13]. 

We stress that the HI test detects both IgM and IgG 
and does not distinguish between them; thus, it is possible 



that some of the positive results of the HI test were not 
matched by the indirect sandwich IgG ELISA test used 
in this study, thus decreasing the calculated sensitivity 
of ELISA. Another important factor is that all of the in- 
vestigated animals were aged more than two years, which 
implies a higher probability for the animals to have con- 
tacted a larger number and wider diversity of arboviruses, 
thus increasing the odds of cross-reactions [14]. 

The interpretation of serological tests for arboviruses 
must be performed cautiously because the tests might 
exhibit cross-reactions among the antigenically most- 
related arbovirus types in the investigated families, espe- 
cially in horses with multiple exposures to arthropods 
and, thus, with a greater risk of contamination by several 
arboviruses [15]. 

The indirect sandwich ELISA test developed in this study 
for 19 arbovirus types in horses exhibited a large number of 
serological cross-reactions. Therefore, we conclude that the 
protocol developed herein can be used to detect IgG within 
the same arbovirus family, but the method cannot distin- 
guish among the arbovirus species belonging to a given 
family. Thus, indirect sandwich IgG ELISA must be used 
together with the HI test or other more specific techniques, 
such as the SN test or the plaque reduction neutralization 
test (PRNT). 

Ethics committee approval 

All of the procedures, which involved newborn (2-3 
days old) Swiss albino mice and domesticated animals, 
were performed with utmost strictness to avoid any un- 
necessary suffering. The present study was submitted to and 
approved by the Ethics Committee on Animal Research 
(CEPAN) of the Evandro Chagas Institute (IEC; ruling 054/ 
2009 CEPAN/IEC). 

Competing interests 

The authors declare that there are no competing interests. 
Authors' contributions 

ARC took part in sample collection, serological tests and manuscript writing. 
LMNC carried out serological tests and statistical analysis. SPS contributed in 
sample collection and serological tests. SMMC, MRTN, SGR and ESTR 
performed serological tests. EDLR performed serological tests and wrote the 
article. PFCV participated in writing and reviewing the article. All authors 
read and approved the final manuscript. 

Acknowledgments 

The authors would like to thank CNPq (grant 301641/2010-2), lEC/MoH and 
The Federal Rural University of the Amazon for their funding of this research. 

Author details 

'institute of Health and Livestock Production, Federal Rural University of the 
Amazon (UFRA), Av. Presidente Tancredo Neves, 2501, Belem, Para State 
66077-901 , Brazil, department of Arbovirology and Hemorrhagic Fevers, 
Evandro Chagas Institute, Ananindeua, Para State, Brazil, institute of 
Biological Sciences, Federal University of Para State, Belem, Para, Brazil. 
4 Department of Pathology, Para State University, Belem, Para State, Brazil. 

Received: 16 October 2013 Accepted: 28 May 2014 
Published: 3 July 2014 



Casseb ef al. Journal of Venomous Animals and Toxins including Tropical Diseases 2014, 20:29 
http://www.jvat.Org/content/20/1/29 



Page 4 of 4 



References 



10. 



12. 



13. 



Karabatsos N: International catalogue of arboviruses, including certain other 
viruses of vertebrates. 3rd edition. San Antonio, USA: ASTMH; 1985:1141. 
Vasconcelos PFC, da Rosa APA T, Pinhelro FP, Shope RE, Degallier N, da 
Rosa ES T: Arboviruses pathogenic for man in Brazil. In An overview of 
arbovirology in Brazil and neighbouring countries. Edited by da Rosa APA T, 
Vasconcelos PFC, da Rosa JFS T. Belem: Institute) Evandro Chagas: 1 998:72-99. 
Martins LC, Diniz JA, Silva EV, Barros VL, Montelro HA, Azevedo RS, 
Quaresma JA, Vasconcelos PF: Characterization of Minacu virus (Reoviridae, 
Orbivirus) and pathological changes in experimentally infected new born 
mice. Int J ExpPathol 2007, 88(0:63-73. 

da Rosa APA T, da Rosa JFS T, Pinheiro FP, Vasconcelos PFC: Arboviroses. In 
Doencas Infecciosas e parasitdrias: enfogue Amazdnico. Edited by Leao RNQ. 
Belem: Cejup: UEPA: Institute Evandro Chagas; 1997:207-225. 
Kuno G, Gomez I, Gubler DJ: An ELISA procedure for the diagnosis of 
dengue infections. J Virol Methods 1991, 33(1-2):101-113. 
Shope RE: The use of a micro-hemagglutination inhibition test to follow 
antibody response after arthropod-borne virus infection in a community 
of forest animals. Ann Microbiol Rio de Janeiro 1963, 11:167-171. 
Rodrigues SG, Oliva OP, Araujo FAA, Martins LC, Chiang JO, Henriques DF, 
Silva EVP, Rodrigues DSG, Prazeres ASC, Tavares-Neto J, Vasconcelos PFC: 
Epidemiology of Saint Louis encephalitis virus in the Brazilian Amazon 
region and in the State of Mato Grosso do Sul, Brazil: elevated prevalence 
of antibodies in horses. Ver Pan-Amaz Saude 2010, 1(0:81-86. 
Ayres M, Ayres Junior M, Ayres DL, Santos AS: BioEstat 5.0: aplicacdes 
estatisticas nas areas das ciencias bioldgicas e medicas. 5th edition. Belem: 
Sociedade Civil Mamiraua, CNPq; 2007:44-45. 

Calisher CH, Berardi VP, Muth DJ, Buff EE: Specificity of immunoglobulin M 
and G antibody responses in humans infected with eastern and western 
equine encephalitis viruses: application to rapid serodiagnosis. J Clin Microbiol 
1986, 23(2):369-372. 

Paweska JT, Burt FJ, Swanepoel R: Validation of IgG-sandwich and IgM-capture 
ELISA for the detection of antibody to Rift Valley fever virus in humans. 

J Virol Methods 2005, 1 24(1 -2):1 73-1 81 . 

Paweska JT, Burt FJ, Anthony F, Smith SJ, Grobbelaar AA, Croft JE, Ksiazek TG, 
Swanepoel R: IgG-sandwich and IgM-capture enzyme-linked immunosorbent 
assay for the detection of antibody to Rift Valley fever virus in domestic 
ruminants. J Virol Methods 2003, 1 1 3(2):1 03-1 1 2. 
Jacobson RH: Principles of validation of diagnostic assays for infectious 
diseases, Manual of standards for diagnostic tests and vaccines. 4th edition. 
Paris: Office International des Epizooties; 2000. 

Chu HJ, Zee YC, Ardans AA, Dai K: Enzyme-linked immunosorbent assay 
for the detection of antibodies to bovine viral diarrhea virus in bovine 
sera. Vet Microbiol 1985, 10(4):325-333. 

Guilherme JM, Gonella-Legall C, Legall F, Nakoume E, Vincent J: Seroprevalence 
of five arboviruses in Zebu cattle in the Central African Republic. Trans R Soc 
Trop Med Hyg 1 996, 90(1 ):3 1 -33. 

Straatmann A, Santos-Torres S, Vasconcelos PF, da Rosa APA T, Rodrigues 
SG, Tavares-Neto J: Evidencias sorologicas da circulacao do arbovirus 
rocio (Flaviviridae) na Bahia. Rev Soc Bras Med Trop 1997, 30(6):51 1-515. 



doi:1 0.1 1 86/1 678-91 99-20-29 

Cite this article as: Casseb ef al:. Diagnosis of arboviruses using indirect 
sandwich IgG ELISA in horses from the Brazilian Amazon. Journal of 
Venomous Animals and Toxins including Tropical Diseases 2014 20:29. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



